A novel method to quantify H+-ATPase-dependent Na+ transport across plasma membrane vesicles.
To prevent sodium toxicity in plants, Na(+) is excluded from the cytosol to the apoplast or the vacuole by Na(+)/H(+) antiporters. The secondary active transport of Na(+) to apoplast against its electrochemical gradient is driven by plasma membrane H(+)-ATPases that hydrolyze ATP and pump H(+) across the plasma membrane. Current methods to determine Na(+) flux rely either on the use of Na-isotopes ((22)Na) which require special working permission or sophisticated equipment or on indirect methods estimating changes in the H(+) gradient due to H(+)-ATPase in the presence or absence of Na(+) by pH-sensitive probes. To date, there are no methods that can directly quantify H(+)-ATPase-dependent Na(+) transport in plasma membrane vesicles. We developed a method to measure bidirectional H(+)-ATPase-dependent Na(+) transport in isolated membrane vesicle systems using atomic absorption spectrometry (AAS). The experiments were performed using plasma membrane-enriched vesicles isolated by aqueous two-phase partitioning from leaves of Populus tomentosa. Since most of the plasma membrane vesicles have a sealed right-side-out orientation after repeated aqueous two-phase partitioning, the ATP-binding sites of H(+)-ATPases are exposed towards inner side. Leaky vesicles were preloaded with Na(+) sealed for the study of H(+)-ATPase-dependent Na(+) transport. Our data implicate that Na(+) movement across vesicle membranes is highly dependent on H(+)-ATPase activity requiring ATP and Mg(2+) and displays optimum rates of 2.50 microM Na(+) mg(-1) membrane protein min(-1) at pH 6.5 and 25 degrees C. In this study, for the first time, we establish new protocols for the preparation of sealed preloaded right-side-out vesicles for the study of H(+)-ATPase-dependent Na(+) transport. The results demonstrate that the Na(+) content of various types of plasma membrane vesicle can be directly quantified by AAS, and the results measured using AAS method were consistent with those determined by the previous established fluorescence probe method. The method is a convenient system for the study of bidirectional H(+)-ATPase-dependent Na(+) transport with membrane vesicles.